Introduction
The role of physiotherapists in the treatment of scoliosis can be somewhat unclear and sometimes controversial. Many therapists have little exposure to the treatment of this condition 4 5 which is in part related to the lack of education on spinal deformities at university as well as the relatively low acceptance rate by scoliosis surgeons and specialists for the inclusion of physiotherapy in the comprehensive management of scoliosis. Despite increasing research supporting treatment, the number one reason given for this lack of inclusion is limited evidence of efficacy.
This article seeks to review the diagnostic factors which influence physiotherapy treatment and to review the known efficacy and role of physiotherapy in the treatment of Adolescent Idiopathic Scoliosis.
Key Considerations in the Treatment of Scoliosis

Diagnosis
Scoliosis is a structural alteration to the normal curves in the spine. During active growth periods the spine develops curves in the frontal and sagittal planes however the scoliotic spine develops with axial rotation which alters the normal development of these curvatures. These changes can result in a rib hump or a rotational lumbar prominence as well as altering the normal lordosis and kyphosis resulting in a kyphoscoliosis, thoracic lordosis, sway, flat back, etc.
For a patient to be diagnosed as having a scoliosis, the lateral curvature in the frontal plane must measure greater than 10 degrees. Approximately 2-3% 6 of children under the age of 16 will have scoliosis however the majority will not progress.
Curves are commonly defined by the location of the apex and the Cobb angle. The Cobb angle is a measurement of the angle in the frontal plane between the superior vertebral end plate of the most tilted vertebra above the curve apex and the lower endplate of 1 Maureen Dwight, R.P.T., Co- the most tilted vertebra below the apex. Measures of vertebral rotation may also be quantified through imaging.
Curves may be classified as major and minor 7 which denotes the relationship of their magnitude to each other. If more than one curve is present it may be described as a double major or a major with an associated minor curve(s). The Lenke 8 or SRS classifications are the most commonly used taxonomies of curve type.
The Lenke system, while widely used by surgeons to plan surgeries, is not widely used by physiotherapists as it requires side-bending radiographs and is meant for bigger curves. Scoliosis Research Society (SRS) definitions with reference to curve apex are as follows: Cervical (C1 to C6-6 disc), cervico-thoracic (C7 to t1), Thoracic (T2 to T11-12 disc), Thoraco-lumbar (T12 to L1), Lumbar (L1-2 to L4-5 discs), and Lumbosacral (L5 and below) 9 .
For a physiotherapist the location of curve can be important when using Physiotherapeutic Specific Scoliosis Exercises (PSSE) 10 as these treatment techniques base their approach on the specificity of curve location. This knowledge also determines the need and effectiveness of other types of treatment which can influence treatment planning i.e. bracing is less effective in a thoracic double major curve. 
Idiopathic vs. Non-idiopathic scoliosis
Scoliosis is typically divided into two major categories: idiopathic and non-idiopathic. This division reflects the underlying causes with the term idiopathic identifying the lack of consensus on the cause of these curves. One of the key features of the idiopathictype of scoliosis is that it is not associated with any other conditions. a. Idiopathic scoliosis Idiopathic scoliosis is typically divided into 4 categories based on age and risk for progression. There is more difficulty determining risk for progression of the early onset types of scoliosis (<age 10) which justifies the need for closer monitoring in this age group. The risk for progression is more predictable in the adolescent age group and is sometimes described as linear, however each patient should be approached individually as not all curves progress as predicted.
I. Infantile idiopathic scoliosis is diagnosed when first seen in a child under age 3 II.
Juvenile idiopathic scoliosis is diagnosed in children ages 4 to 9.
III. Adolescent idiopathic scoliosis is diagnosed when the spine curvature changes during the growth spurts commonly occurring around puberty (between ages 10 and 18) 11 . IV.
Adult idiopathic scoliosis occurs in patients older than 18. This condition can also be referred to as de Novo scoliosis. Many of these new diagnoses are related to spinal degeneration however, when the onset is not coincident with periods of skeletal growth, other non-idiopathic causes should be considered.
b. Non-idiopathic scoliosis The non-idiopathic type of scoliosis is associated with other conditions and/or underlying causes. The causes are typically divided into two categories. I. Neuromuscular scoliosis. This type of scoliosis is associated with neuromuscular diseases i.e., Arnold-Chiari malformation/syrinx or trauma to the spinal cord. II. Syndromic scoliosis is related to other diseases i.e. Marfans syndrome, spina bifida.
Indications for additional monitoring
For a physiotherapist working with scoliosis a primary consideration is determining the type of scoliosis. If the patient has been seen by a specialist or pediatrician this diagnosis may already be clear however when the physiotherapist is the first to diagnose the condition consideration should be given to the need for further investigation and/or referral.
Screening for further testing can be particularly important in the non-idiopathic patient as an undiagnosed Marfan's syndrome, syrinx, Chiari Malformation, etc. can have serious health consequences 12 . These patients should be referred for monitoring/testing by the appropriate specialist. The following considerations can assist in determining the need for additional testing 13 :
1. Is the patient under age 10?
The most common scoliosis (AIS) occurs in the teens. Earlier onset need to be monitored and/or investigated more closely both for the unpredictability of the progression and for the likelihood of non-idiopathic causes. Bracing is only effective while the spine is still growing. There is typically a window of approximately 2 years, occurring around puberty, when this treatment can limit the likelihood of curve progression. If the patient is under age 18 consideration should be given to referral for quantification of spinal maturity and degree of curvature.
How large is the curve?
The larger the curve the more likely it is to progress 14 . The younger/less skeletally mature the patient is the greater the risk for progression 15 . Younger children and adolescents, particularly with larger curves, are more likely to require additional monitoring and/or intervention.
Is the patient male or female?
Although the incidence of scoliosis in males and females is equal the presence of larger curves is more typical in females. A significant curve in a male can be more indicative of non-idiopathic type of scoliosis and sometimes represents an indication for an MRI 16 .
Are there other signs of concern?
The presence of upper motor neuron signs, connective tissue disorders, café au lait 17 spots, spinal hairy patch etc. all can be markers of non-idiopathic types of scoliosis These factors can be indicative of the need for additional investigation
Treatment of AIS Primary goal of treatment
As there is no consensus on causation, the prevention of scoliosis cannot be a goal at this time. The primary goal of treatment is prevention of curve progression.
Within this goal the first consideration is to keep the curve to less than 30-35 degrees. This magnitude is often a threshold for other treatment as these curves are more at risk for progression. Curves less than 30 degrees at skeletal maturity present a low risk of continued progression in adults. Untreated curves of 50 degrees and greater are predicted to progress at .5 degree per year 18 .
The second threshold is 50 degrees. When the curve exceeds this magnitude surgery is often recommended. Most studies 19 report the strongest predictive factors in determining the risk for progression of idiopathic scoliosis are age, magnitude of curve, and gender.
Currently the strongest acceptance for prevention of progression is for bracing and surgery. Recently, the BrAISt randomized controlled trial demonstrated convincingly the ability of bracing to prevent progression to surgery indication thresholds with 72% success compared to only 48% in the group under observation 20 . This trial also demonstrated clearly the role of compliance in the brace treatment effect showing that when a rigid brace prescribed for full time wear (<18hr/day) is worn at least 13 hours a day the probability of success is high (<90%).
Despite the wide acceptance for surgery, a systematic review by the Cochrane Collaboration failed to find sufficient evidence to support its use in severe curve management. BettanySaltikov et al 21 looked to compare surgical vs. non-surgical treatment of curves over 45 degrees but were unable to find any RCT's or prospective studies that met the criteria. They were unable to make any conclusions of the effectiveness of surgical vs. non-surgical management of severe adolescent idiopathic scoliosis of over 45 degrees.
Physiotherapy Goals of Treatment
In physiotherapy the goals of treatment are broader than strictly the prevention of curve progression.
The SOSORT survey by Marti et al. 22 of SRS scoliosis specialists documented the key reasons for referral to physiotherapy. These referral patterns were separated into standard physiotherapy treatments and PSSE's. In Parent et al's study the survey of the standard physiotherapy techniques listed the following approaches used in the treatment of AIS: 
non-scoliosis specific postural approaches (73%) 3. mobilizations (55%)
In the Marti study the most common specific PSSE used were:
1. Schroth -Germany (57%) 2. Side Shift -UK (22%) 3. SEAS -Italy (21%) 4. FITS -Poland (19%)
The top reasons for the surgeon's prescribing standard physiotherapy were:
1. in conjunction with brace treatment (58 %), 2. small curves (48 %) 3. improving post-operative outcomes (37 %) 4. treatment of pain (25 %) 23 
Improving aesthetics (40 %)
The top reasons for the surgeon's prescribing PSSE's were:
1. improve aesthetics (62 %) 2. to prevent curve progression (60 %) 3. improve quality of life (53 %).
Similarly, the SOSORT guidelines 24 , from the international Society on Scoliosis Orthopedic and Rehabilitation Treatment identify the following four common objectives to be pursued when using PSSE's:
1. limit curve progression 2. prevent respiratory dysfunction 3. control pain 4. improve postural appearance. 
Physiotherapy Role in Prevention of Curve Progression
Physiotherapy Role in Pain Management
In her review Marti noted that the most common concern of the specialists is the alleviation of pain (72%). Despite this high level of concern only 25% of the specialists surveyed refer to physiotherapy for pain management. This discrepancy may reflect the perception that pain in scoliosis is considered a relatively negligible factor and/or the lack of research in this area.
The 50 year longitudinal review by Dr. Weinstein et al 31 confirmed an increased prevalence of low back pain in untreated scoliosis. With an average age of 66 at the conclusion of the study, 61% of the scoliosis group reporting chronic low back pain vs. 35% of the agematched control group. However this study also determined that the intensity of the pain was no worse than controls. There was no impact on disability with the majority being gainfully employed or homemakers.
The following two concluding statements from this review on the relationship of low back pain to function have likely had strong influence on perceptions of pain and the requirement for treatment in this population. 34 showed in a RCT that spinal stabilization exercises helped reduce the numeric pain rating scores and the patient-specific functional scales scores in patients receiving supervised than unsupervised 8 week of therapy.
Physiotherapy and Screening for Scoliosis
Although screening for scoliosis is no longer standard, there is increasing support for regular testing during growth periods. A task force from the Scoliosis Research Society 35 recommends that females be screened twice, at age 10 and 12 years of age. Males should be screened once at between ages 13-14. This frequency reflects the increased risk in females for larger curves.
Observation of standing posture asymmetries followed by observation of the spine in forward flexion 36 are the norms for determining if further testing is required i.e. 3 foot standing view X-ray.
Physiotherapists are well suited through their education and training to perform these screening tests. The observation of posture for asymmetries should include the frontal alignment of the spine, the height of the shoulders, the hip and waist shapes and the forward bending test.
The forward bending test consists of checking if the spine is straight while the patient bends forward slowly beginning with the neck with the hands together while keeping the legs straight until the hand are between the knees. If a side to side back difference is noted and a spine deviation is noted it suggests a scoliosis is present. Using a scoliometer to quantify the amount of side to side height different during the forward bending test tilt exceeding 5 to 7 degrees 37 is suggestive that a scoliosis will be detected on radiographs.
The importance to emphasize screening for scoliosis is further supported by the fact that bracing and exercise treatments to be effective need to be applied to smaller curves before reaching skeletal maturity. Early detection of scoliosis is therefore important to identify adolescents at risk of progression and offer the chance to try non-operative therapies while they may be most effective 38 .
PSSE's vs. Standard Physiotherapy
Physiotherapeutic Scoliosis Specific Exercises, also known as Scoliosis Specific Exercises (SSE's), differ from standard physiotherapy exercises. In the 2014 European Journal of Physical Medicine and Rehab, Dr. Josette Bettany-Saltikov et al 39 listed the key features of be monitored 43 . The degree of vertebral rotation in particular has been shown to be a useful predictor of progression 44 . The sagittal spinal alignment, especially in adults is closely related to pain and quality of life 45 .
Depending on the domain of research several different types of outcome measures have been used including pain ratings, Roland Morris Questionaire, Oswestry, Euro-Qol D5. In addition, the following two questionnaires are common outcome measures more specific to AIS.
i. SAQ -Spinal Appearance Questionnaire 46 ii. SRS 22 -Scoliosis-Research Society questionnaire 47 However, in patients with small curves, these questionnaires originally designed for surgical cases have demonstrated high ceiling effects 48 . Since physiotherapists work with scoliosis is also focused on esthetics, a number of subjective 49 50 photographic 51 52 and 3D sophisticated postural assessments 53 have also been recommended.
Conclusions
The role of physiotherapists in the treatment of scoliosis is evolving. Increasingly, research is identifying the need for treatment as well as defining role of physiotherapist in the management of this condition. Screening for early diagnosis, prevention of curve progression, bracing stabilization exercises, pain management are all roles that physiotherapy may assist in however awareness of the critical points, which require the involvement of other members of the team, are important to ensure comprehensive care.
Acceptance of the physiotherapist's roles in the treatment of this condition requires further dissemination of the existing research within and beyond our profession. Continued studies are also needed to further consolidate the role of the area of pain management and to further define optimum protocols for prevention of curve progression.
